With p a r t i c u l a r r e f e r e n c e t o c i r c u i t s we study t h e jump b e h a v i o r , t h a t i s , the seemingly discont i n u o u s c h a n g e i n s t a t e of systems driven by cons t r a i n e d ( o r i m p l i c i t l y d e f i n e d ) dynamics; i . e .
k = f ( x , y ) 0 = g ( x ,
y ) . To be s p e c i f i c , dynamics o f a c i r c u i t a r e d e f i n e d i m p l i c i t l y by s p e c i f y i n g t h e v e l o c i t i e s ( t i m e -d e r i v a t i v e s )
o f c a p a c i t o r v o l t a g e s a n d i n d u c t o r c u r r e n t s as well a s t h e n o n l i n e a r r es i s t i v e a n d K i r c h o f f c o n s t r a i n t s t h a t t h e b r a n c h v o l t a g e s and c u r r e n t s must s a t i s f y . T h e s e
cons t r a i n t s r e p r e s e n t a c o n s t r a i n t m a n i f o l d o v e r t h e b a s e s p a c e o f c a p a c i t o r v o l t a g e s and inductor curr e n t s . The p r o c e s s o f i n t e g r a t i n g t h e c i r c u i t dynamics t o o b t a i n t h e t r a n s i e n t r e s p o n s e o f t h e c i r c u i t c o n s i s t s o f " l i f t i n g " t h e s p e c i f i e d v e l o c it i e s t o a v e c t o r f i e l d on t h e c o n s t r a i n t m a n i f o l d ( " l i f t i n g " i s t h e i n v e r s e o p e r a t i o n o f p r o j e c t i n g ) . L i f t i n g may n o t , h o w e v e r , b e p o s s i b l e a t p o i n t s o f s i n g u l a r i t y o f t h e p r o j e c t i o n
map, from t h e cons t r a i n t m a n i f o l d t o t h e b a s e s p a c e .
W e propose a way of resolving t h e s e s i n g u l a r i t i e s , c o n s i s t e n t w i t h t h e i n t e r p r e t a t i o n t h a t t h e c o n s t r a i n t manif o l d i s a d e g e n e r a t i o n o f v e r y f a s t o r s i n g u l a r l yperturbed dynamics.
The p h y s i c a l meaning of t h i s degeneration i s t h e n e g l e c t o f c e r t a i n p a r a s i t i c elements in the course of modelling.
The d e t a i l e d development i s i n [ l ] .
CONSTRAINED DIFFERENTIAL EQUATIONS
Dynamics o f c i r c u i t s , power systems t 2 1 and sever a l o t h e r e n g i n e e r i n g s y s t e m s a r e s p e c i f i e d ( i m p l ic i t l y ) by c o n s t r a i n e d d i f f e r e n t i a l e q u a t i o n s of t h e f o m
where X E I R~, yCRm; f :IRn x Dm+ IRn and g: IRn x Dm+ mm a r e smooth f u n c t i o n s . F u r t h e r , a s s u m e t h a t 0 i s a regular value of g. W e t r y t o i n t e r p r e t (l.l), --*Research supported by DOE u n d e r g r a n t ET-A01-2295T050 and by NSF under grant ENG-78-09032-A01. E.R.L. Univ. of C a l i f . Berkeley, CA 94720
The v e c t o r f i e l d X on M is s p e c i f i e d by s p e c i f y i n g i t s p r o j e c t i o n on the x-axis, namely,
(here n:IRnx IR + IR i s t h e p r o j e c t i o n map ( x , y ) + x ) .
A t p o i n t s a t which TTM(x,y), t h e p r o j e c t i o n o f t h e t a n g e n t s p a c e t o M a t ( x , y ) , i s e q u a l t o IR" it i s m n ( i ) ( F i g u r e ( l a ) ) f p o i n t s o u t of t h e manifold M a t ( x o , y ) so t h a t i t would seem t h a t t h e t r a j e c t o r y woul8 jump o f f t h e m a n i f o l d M , i . e . , the y-coordinate changes discontinuously.
(ii) F i g u r e ( l b ) ) f p o i n t s i n t o t h e m a n i f o l d M a t ( x o , y o ) so t h a t t r a j e c t o r i e s s t a r t i n g away from ( x o , y o ) do n o t t e n d t o w a r d s ( x o , y o ) .
These SO c a l l e d s i n g u l a r p o i n t s of Z a r e t h e p o i n t s a t which t h e i m p l i c i t f u n c t i o n theorem f a i l s t o h o l d i n ( 1 . 2 ) i n o r d e r t o s o l v e y a s a f u n c t i o n of x.
A t such points (x,,yo) i t may not be possible to continuously extend an I n t e g r a l c u r v e o f X and it may be necessary t o r e s t a r t t h e i n t e g r a l c u r v e o f C a t some ( x o , y l ) s a t i s f y i n g Empirical evidence leads u s t o p o s t u l a t e a s i n l i t e r a t u r e ( a r e c e n t r e f e r e n c e i s [ 3 ] ) t h a t ( 1 . 2 ) i s the degenerate limit a s E + 0 of
The system 1 i s r e f e r r e d t o a s t h e d e g e n e r a t e s y s t e m and the system 
( p r o v i d e d t h e y e x i s t ) a r e t a k e n t o b e t h e s o l u t i o n c o n c e p t f o r 1. T h i s i s i n k e e p i n g w i t h t h e n o t i o n of c o n s i s t e n t s o l u t i o n s i
where x ( t ,~) , y ( t ,~) i s t h e t r a j e c t o r y of C starti n g from (x E,yE) a t t = 0 ; % ( t ) , $ ( t ) i s t h e t r a j e c t o r y o f C s t a r t i n g from (xo,yl)
e M a t t = O and defined on [O,a[.

Remark: The i n t u i t i v e c o n t e n t o f o u r d e f i n i t i o n i s t h a t t r a j e c t o r i e s o f t h e
augmented system s t a r t c l o s e t o one s o l u t i o n (x,,y,) of ( 1 . 2 ) and tend E i n c r e a s i n g r a p i d l y t o w a r a s r r a j e c t o r i e s s t a r t i n g f o r some other solution (xo,yl) of ( 1 . 2 ) .
To g e t a f e e l f o r t h i s d e f i n i t i o n r e s c a l e time i n e q u a t i o n (1.1) and (1.4) and o b t a i n w i t h T = t / E so t h a t i n t h e limit t h a t E 0 e q u a t i o n s ( 1 . 5 ) ,
(1.6) would only describe the dynamics of the frozen boundary layer system; 8X 0
The a s s u m p t i o n s r e q u i r e d f o r t h e limits i n D e f i n i t i o n 1 above t o e x i s t are: 
0
The f i r s t o b s e r v a t i o n t h a t we make is t h a t def i n i t i o n l a l l o w s f o r jump from non-singular points: F i r s t some n o t a t i o n : l e t y by an e q u i l i b r i u m o f the system 8, and l e t i t s ' a t t r a c t i n g set o r S t a b l e 0 Theorem 1 ( J m p C h a r a c t e r i z a t i o n from Non S i n g u l a r P o i n t s ) .
Assume y t o be
t o (xo,yp) .
Comments: ( i ) The theorem i s v i s u a l i z e d i n F i g .
(ii) I t i s i n t u i t i v e t h a t a subset of M t h a t d o e s not admit of jumps i s Ma
(iii) Of c o u r s e , a similar theorem holds a t s i n g u l a r p o i n t s : Theorem 2 .
(Jump C h a r a c t e r i z a t i o n from S i n g u l a r P o i n t s 
.
(ii) In general the hypothesis of the theorem ( e q u a t i o n ( 1 . 7 ) ) a r e v e r i f i e d by a study of the s i n g u l a r i t y u s i n g b i f u r c a t i o n t h e o r y .
The d e t a i l e d development i s p r e s e n t e d i n [l] . Here, we show t h e p i c t u r e s two of t h e s i n g u l a r i t i e s t h a t o c c u r i f D2g(x0,yO) has a single zero-eiqenvalue. 
come together and annihit h e t h e o r y o f t h e p r e v i o u s s e c t i o n . The p h y s i c a l l a t e e a c h o t h e r . The f l o w i n t h e v i c i n i t y o f t h e i n t r o d u c e d i n t h e f o r e g o i n g w i l l b e p r e s e n t e d a t t h e
i s necessary a t t h e c u s p p o i n t and i n t h e v i c i n i t y o f t h e c u s p p o i n t a r e two f o l d s u r f a c e s which have beer, studied above.T h i s p e r t u r b a t i o n i s shown d o t t e d i n F i g . 6 , and i s t h e multipart g e n e r a l i z a t i o n of the following: A c u r r e n t -c o n t r o l l e d r e s i s t o r i s envisioned as t h e s i n g u l a r l y p e r t u r b e d -l i m i t a s E+O o f t h e r es i s t o r i n s e r i e s w i t h a s m a l l l i n e a r p a r a s i t i c i n d u c t o r b e c a u s e c u r r e n t i s t h e c o n t r o l l i n g v a r i a b l e The d u a l i s t r u e f o r a v o l t a g e -c o n t r o l l e d r e s i s t o r . A complete zoo o f o t h e r s i n g u l a r i t i e s i s poss i b l e , s e e f o r i n s t a n c e 151.
DETERMINISTIC AND NOISY CONSTRAINED DYNAMICAL SYSTEMS
2 .
JUMP BEHAVIOR I N CIRCUITS AND PHYSICALLY MEASURABLG OPERATING POINTS
Consider the class of non-linear, time-invariant networks shown i n F i g . 6:
(
C ) & (L). W e assume t h e c a p a c i t o r s t o be time-inv a r i a n t c h a r g e c o n t r o l l e d and i n d u c t o r s t o b e t i m e -
I n 161 we study noisy constrained systems of t h e form
n +n i n v a r i a n t f l u x c o n t r o l l e d . L e t z € IR ," r e p r ei n t h e limit t h a t & S O (weakly converqent limits).
Here 5 ( Here we o r J y i l l u s t r a t e l n +n r e m a r k a b l e t h a t i n t h e limit o f n o i s e v a r i a n c e c o n s t r a i n e d s y s t e m s a r e q u i t e d i f f e r e n t from t h o s e t h e d i f f e r e n c e f o r t h e i n s t a n c e o f a degenerate van d e r P o l o s c i l l a t o r .
"2 x = h ( z ) ( 2 . 1 ) Example 3 . 1 ( D e g e n e r a t e v a n d e r P o l o s c i l l a t o r ) .
w i t h h : IR n +nR n +n + I R c a C1 diffeomorphism. k = y (RJ W e assume t h a t t h e l i n e a r t i m e -i n v a r i a n t r eo = -x -y + y. The p h a s e p o r t r a i t o f t h e d e g e n e r a t e syscem i n c l uc u r r e n t s (y,) and i n d u c t o r p o r t v o l t a g e s ( y ) w i t h d i n g jumps from two f o l d s i n g u l a r i t i e s i s shown i n X y r e p r e s e n t i n g power into t h e n -p o r t t h e n t h e r e e x i s t s a p a r t i t i o n A W B of { l , . . . , n } s u c h t h a t 3 T 2 F i g . 7 . Note t h e r e l a x a r i o n o s c i l l a t i o n !orme6 by i n c l u d i n g t h e two jumps. 
where y 1 s plott.:3 f o r ',,1, X , > 0 i n F i g u r e 8 . I n ( 2 . 4 ) t h e f u r t h e r 1ip.i~ t h a t EJO followed by YO, x s a t i s f i e s S a s t r y , S.S. and Varaiya, P . , " H i e r a r c h i c a l S t a b i l i t y and A l e r t S t a t e S t e e r i n g C o n t r o l of Power Systems; IEEE T r a n s . C i r c u i t s a n d Systems, Vol.
CAS-27 (19801, pp. 1102-1112.
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